Cashew is the best income earning plantation crop of south eastern tropical regions in the coastal sandy and alluvial soils. Cashew has received adequate research attention in vegetative propagation, but its improvement for higher yields and high-density planting is still a necessity. To reach this milestone in research, an attempt was made twice experimentally at the cashew research station in Bapatla to identify the best method out of two techniques of soft-wood grafting (SWG) developed with different aged rootstocks of BPP-5 and scionsticks of BPP-6 cultivar under eight shade providing structures with a control in light, temperature and relative humidity for a period of seven months in three replications. The results revealed that a lesser aged (35-45 days old) rootstock with less number (only two) of leaves was prolific to give sufficient foliage after successful graft union using SWG under HDPS (high density polythene sheet) shade nets and low-cost structure like trench and a structure with coconut fronds. Significant differences were observed for all the growth traits except for height. These structures were providing a partial shade of 10 to 50 percent with success in sprouting (65.58%) and graft-take (50.1-59.81%) in a short period of time. All these structures with high success percentage provided more than 80 percent photosynthetically active radiation to the SWGs. Major achievement is attributed to identification of (1) reduced age of rootstock at 35 days for Bapatla method and 45 days for Puttur method (2) a prior requirement of shade for 20 days (3) a low-cost structure like shallow trench was suitable for microclimate required for successful SWG in cashew in our region. In this study, the rootstock BPP-5 was potential for producing more than 80 percent of successful SWGs made during the study period. For the establishment of new orchards with high density planting, genetically competent, prolific scion cultivars with high yield potential like BPP-6 were essential, though identification of its dwarfing rootstock is still a lacuna in cashew research. Cashew is cultivated in 6,34,970 ha producing 4,17,830 tons of nuts in 1995-96. Due to increase in demands of processing units and exports, import of raw cashew nuts has been increasing since 1970s. Though lots of hybrids, clonal cultivars of high yielding varieties were developed at Cashew Research Station (CRS), Bapatla and other research locations of India there is still an apparent need for qualitative and quantitative increases in nut yields. Establishment of new cashew orchards with proven elite planting material is the current need for improvement of yield, quality of nuts, to meet demands of imports, exports and sustainability in our nation. The graft-take and growth were highly dependent on potential rootstocks adopted for SWG and local weather conditions CRS: Cashew Research Station; HDPS: High density polyethylene netted sheet used as shade net also called as high-density polythene shade nets and were available in 25, 50 and 75 percent shade; HD: High Density; M1 to M7: Month 1 (September) to Month 7 (March); SWGs: Soft-Wood Grafts; SWG: Soft Wood Grafting; PAR: Photosynthetically Active Radiation; SS1 to SS7: Shade Structure 1 to Shade Structure 7.
Introduction
Nursery production of softwood grafts (SWG) with quality, survival and better orchard establishment capacity is necessary. The In Andhra Pradesh, CRS at Bapatla is the only place where research on vegetative propagation in cashew has been conducted since 1900s. Sufficient progress made until the discovery of new and modified technique of epicotyl grafting named as SWG [4] and was also identified as easier, cheaper, viable and quick multiplication of high yielding cashew cultivars [4, 5] . The SWG was practiced on rootstocks of one-month age to one year old depending on the purpose of rejuvenating old trees [6, 7] , for high graft take and success percentages [8] to multiply new cultivars in large scale [9] for transplanting in a new orchard. The SWG was practiced successfully in fruit crops like apple, cashew, citrus, guava, jack fruit, jujube, mango, pear, peach, pecan-nut and sapota.
A successful graft union occurs in four steps 1) formation of a necrotic layer on the cut surface of each graft partner (scion and rootstock), 2) Parenchymatous tissue divides to form callus cells that fill the space between the graft partners and form an initial cohesion with cell wall materials, 3) The vascular cambium develops across the graft union linking the two partners when in close contact, 4) secondary xylem and phloem re-differentiate across the graft union forming adequate vascular continuity to support plant growth. Hormones such as auxin and cytokinin affect callus formation and abscicic acid (ABA), Ethylene and gibberellic acid (GA) inhibitors increase wood formation and density that improves graft union strength [10] . Thus, grafting is an important event in cultivation of fruit crops including grapevine where rootstocks provide resistance to soil borne pests and diseases and improve tolerance to stresses [11] . The factors that benefit success of this SWG include but not limited to weather, age of the rootstock and number of leaves retained on the rootstock, rootstock cultivar, scion length, scion age, and precuring of the scion stick, shade provided during and after graft preparation [5] . Success in sprouting of scion sticks and survival of grafts was more in June-July to August months and sprouting was observed within a very short period of time in days ranging from 14.33 to 20.66 days in mango [12] , 23.3 days in cashew [13] while it took 28 days when grafted from October to December months in Mango [14] .
Afternoon relative humidity and higher monthly mean minimum temperatures coupled with high number of rainy days per month are necessary at the time of grafting in mango [15] [16] [17] , cashew [18, 19] and in sapota [20] for rapid callus formation leading to speedy healing of the graft union as well as higher growth of scion shoot and leaf. The success of cashew graft-take and better growth with maximum graft height, leaf area was recorded in August and September months when the climate was hot and humid
Materials and Methods
while the least success with few leaves was observed in November and December [21] .
Number of days took for scion bud sprouting were very minimum (12 to 24 days) when grafts were placed in glasshouse and partial shade with a maximum sprouting percentage of 95.3 when placed in a chamber. The percentage of sprouting was quick with a pair of leaves on the rootstock in mango [22] . In mango, spring and summer grafting produced more rapid growth while late monsoon, prewinter and winter periods produced only moderate to poor vegetative growth [23] .
Shade structure "humid chamber" gave the highest percentage of rooting of cashew cuttings [24] . In a sixty-day period, the grafted plants grown in full sun with wind breaks were 47 percent larger and produced more luxuriant foliage compared to those kept in 60 percent shade [25] . While 50 percent and 75 percent shade produced longer shoots and larger leaf area [26] , contrarily a reduced growth when shade was increased to more than 50 percent [27] . In citrus seedling, better growth was reported when shade was provided with a black net and transparent 0.22mm plastic film [28] .
When compared, cleft grafting gave high percent success under shade and produced strong trees [29] .
The SWG or grafting alone is more promising and gaining popularity because of benefits of tolerance to cold, salinity, drought, and heavy metal toxicity and soilborne pathogens, due to the resistance found in the rootstocks such as BPP-5 in cashew. Many aspects related to rootstock/scion interactions are poorly understood, which can cause loss of fruit quality, reduced production, shorter postharvest time, and, most commonly, incompatibility between rootstock and scion. Our BPP-5 rootstock and BPP-6 scion were highly compatible and proven successful in cashew. Therefore, the present investigation was carried out twice to study the two methods of softwood grafting using two factors with treatments of shade provided by eight shade structures in a seven-month period during 1996-97 at CRS, Bapatla in Andhra Pradesh. The objective of the research investigation is to find out the best shade structure for producing successful softwood grafts in Bapatla. retaining four leaves on 45 days old rootstock while grafting on to a scion bud stick from vigorously growing cashew cultivar BPP-6. We slightly modified previous methods recommended for commercial propagation of cashew using SWG methodology suggested at (a)
Bapatla [4] and (b) Puttur [22] locations by reducing number of days of the rootstock seedlings to prepare SWGs [30] [31] [32] .
The precuring of apical scion bud shoots from terminal branches of cultivar BPP-6 was done 10 days prior to the collection of scion sticks by clipping off leaf blades and leaving petioles. The precured scion-sticks of a pencil size, brown colored round shaped and measuring about 10 cm length and 2-2.5 cm girth were separated from mother tree on the day of SWG (10 days after defoliation). These sticks were kept in polythene bags with water to avoid dessication until used for SWG in the presented research study [33, 34] .
The thirty-and forty-five days old rootstocks were prepared by In addition, shade structures that were most common in Krishna-Godavari Zone (SS5, SS6, and SS7) were also included in the study to compare and provide low cost structure and to eliminate any unnecessary expenditure for nursery graft production. irrigation, twice daily (Plate 8). The data was collected only during these specified timings without disturbing the structure and microclimate inside the trench. In trench the relative humidity was maintained between 88 and 92 percent while the shade was maintained between 12.5 and 20 percent. This structure "Trench" (SS5) was dug in the ground with a facility to provide constant temperature and relative humidity which was measured with Pscychrometer.
The psychrometer is a hygrometer consisting of a wet-bulb and a dry-bulb thermometer, the difference in the two thermometer readings being used to determine atmospheric humidity.
Plate 8:
Grafts treated with partial shade inside trench (SS5).
The structure providing partial shade under coconut leaves (SS6) was constructed by erecting a pandal and covered with dried coconut fronds collected from local coconut (Cocos nucifera) trees.
This structure was observed providing shade ranging from 10 to 15 percent (Plate 10). In some areas, use of toddy palm (Phoenix dactylifera) leaves was seen, but we preferred to use coconut fronds due to the increased per cent of light and optimum shade provision by coconut leaves compared to palmyra leaves.
Partial shade with coconut fronds (SS6)
This is a cabinet like portable structure with dimensions 3.6m x 100m x 0.75m) and was covered with 250-gauge polythene sheet on all sides (Plate 9). In both trench and low-cost humid chamber, only diffused light is allowed to pass through. (viii) No shade (SS8).
In SS8, grafts were kept on the ground in the open air without any shade and with provision of 100 percent sun light. The images of the shade treatments were provided for reference and understanding the construction and design (Plate 5 to 10).
Low cost humid chamber (SS7)
All the treatments in two experiments, three replications, re- • Percentage of successful grafts: This is also termed as graft-take and was noted at monthly intervals till 90 days after grafting and expressed in percentage.
• Mortality rate:
The total number of sprouts failed to sprout and dried were recorded at monthly intervals till 90 days after grafting and expressed as percentage.
• Graft height:
The height of the graft was measured from the collar region of the rootstock to the tip (terminal bud) of the grafted scion at monthly intervals till 90 days after grafting.
• Number of leaves:
Total number of fully emerged leaves were counted and recorded at monthly intervals till 90 days after grafting.
• Leaf area: Fifty leaves of different sizes were separated from grafted plants and leaf area was recorded by a digital leaf area meter calibrated correctly. The maximum length and breadth of individual leaves were taken from each graft and their product were obtained (LXB) to have the apparent leaf area. The leaf area was measured in square centimeters as suggested [35] .
Actual leaf area, A = (LXB) K, where K is the leaf area constant equal to 0.75.
From the above equation the value for K was estimated by dividing actual leaf area with apparent leaf area.
For the selected five grafts in every treated plot, the total leaf area per each graft was obtained using K value and by measuring the length and breadth of individual leaves. Then the total mean leaf area per graft was calculated. 
Results and Discussion

Influence of shade on sprouting and production of successful grafts
The analysis of variance revealed significant treatment differences for all the traits studied between two methods of SWG employed as well as among shade structures. The summary of comparisons on success percentages was provided ( was the lead structure for shade followed by SS4 (26.29%) within 15DAG while SS5 was the best within 30DAG followed by SS7. The reason for success might be due to differentially expressed genes responsible for activation of stem growth and cell wall synthesis from 3 to 28th day after grafting by upregulation of genes associated with cell wall synthesis, xylem development [11] .Though sprouting was limited after 30DAG, we observed few more scion sprouts in SS2 and SS3 structures that was attributed to the great potential of BPP-6 scion towards delayed cell division for healing and in utilization of available metabolites in warm and entrapped humid conditions under these shade nets [37] . Major success in sprouting within 30 days was supported by previous reports [12, 13] .
Considering the total number of scion sticks sprouted during 45 DAG, the maximum number was recorded by SS6 (79.23%) and minimum was recorded by SS4 (32.19%) . It is also clear from the we observed lot of sprouting on the rootstock below the graft-joint. 
Influence of shade on the vegetative growth of soft-wood grafts
The necessary measures of growth as indicated by plant height, leaf number and leaf area were scored to compare the efficiency of shade structures in providing required amount of light, temperature and humidity. The graft growth was observed with significant differences among and within treatments of shade and their interactions with prevailing climate (p=0.05, Tables 6 to 9) .
From was a dark room inside the graft shed at cashew research station of Bapatla; SS5 is a trench providing partial shade of 12.5-20 percent;
SS6 is a structure providing partial shade with coconut fronds; *SS7-low cost humid chamber providing only diffused light and with 100 percent shade; while SS8-was without any shade providing complete light of 100 per cent from direct sun in open air. The column data from 2 to 4 columns is the average data obtained from Bapatla method and the data in parenthesis is obtained from Puttur method from two factors of shade. Note: The description of structures in first column: SS1, SS2 and SS3 were High density black polythene sheet (HDPS) shade nets; SS4 was a dark room inside the graft shed at cashew research station of Bapatla; SS5 is a trench providing partial shade of 12.5-20 percent; SS6 is a structure providing partial shade with coconut fronds; *SS7-low cost humid chamber providing only diffused light and with 100 percent shade; while SS8-was without any shade providing complete light of 100 per cent from direct sun in open air. The column data from M1 to M7 and mean were total number of leaves observed from September (M1) to March (M7) at 90 DAG in each treatment of shade under Bapatla method while the data in parenthesis pertains to Puttur method. 
Interactions effects of shade and month on vegetative growth of softwood grafts
The shade structure SS5 and SS6 gave maximum average leaf area per graft ( Bapatla. These results are in line with previous findings [42, 43] . (Table 8) ). The results were supported by previous findings [44] Graft height ( 
Number of leaves per graft
Success and mortality of softwood grafts
The success of the grafts was scored by measuring survival and mortality of grafts at 30, 60 and 90DAG (Tables 2, 3 cm graft height in all the months and equally potential to trench with partial shade (SS5). The reason for this could be attributed to availability of uninterrupted light with PAR, humidity, rainfall to the growing grafts [26, 28, 29] .
Note: The description of structures in first column: SS1, SS2 and SS3 were High density black polythene sheet (HDPS) shade nets; SS4 was observed by previous researchers in mango [45] and Cashew [40] .
Therefore, SWG require structures like SS2, SS3, SS5 and SS6 that provide partial shade of at least 50 percent under Bapatla conditions. ing reduced success due to increased evapotranspiration losses from the graft surface and potted soil. Among all the structures, SS5 (trench) is the potential structure for shade with more than 60 percent success in five months out of seven months tested.
This is providing a viable information necessary for graft suc- SWGs [46] where mist-house ecosystem produced more success percentage (62 to 97.4%) with maximum measures in all growth parameters followed by shade house (48 to 95%) and mango [44] where naturally ventilated poly-house recorded significantly high- 
Conclusion and Future Thirst
Shade is the major means of providing optimum temperatures of growing climate, but the design and construction was always influencing the microclimate. A potential rootstock cultivar, productive scion, skillful management of shading, ventilation, optimum temperatures and high relative humidity of congenial growth environment are essential for success and for providing growth promoting substances for successful scion growth in Bapatla method of SWG in cashew at CRS, Bapatla.
For stable higher yields and early productivity, dwarfing rootstocks of cashew must be identified and thoroughly evaluated to accommodate the maximum grafted tree population per acre in newly established orchards in upcoming years. Some improvements were made by testing hydraulic and tensile strength through the graft joint for successful graft union in a non-destructive way.
As of now only one dwarf cashew cultivar (Anacardium occidentale L var. nanum) available with various clones developed for earliness [48] . Studies on hormonal application on the graft joint and testing the hydraulic conductance to understand the waterflow continuum also will help to maximize the SWG production in cashew as it adopted because we observed with a maximum leaf number (12) Because our investigation was to reveal the potential method with better shade structure for Bapatla climatic conditions in comparison to Puttur method, we mostly concentrated our discussion to successful Bapatla method of SWG being proven by its potential during our investigation, though data on both methods was compared and presented throught in detail ( Table 2 to fruit crops also stated that definite shape of the polythene structure in rectangular or square were more appropriate in sealing water vapor, maintaining humidity levels using bottom heat to raise the temperature of the substrate thereby increasing evaporation and humidity in cold and enclosed conditions [47] . Thus, trench with Bapatla method of grafting is viable for high success and good graft growth. A shade requirement of 20 days is essential for good quality sprouts.
Based on the observations and results obtained from various shade structures, rootstock age and stage of grafting and a potential BPP-6 scion bud sticks, it is recommended that a future need for study of various rootstocks identified in cashew growing regions using Bapatla method of SWG using trench with partial shade and BPP-6 as scion-bud sticks to know the influence of rootstock 
